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Trip C-l
P e t r o l o g y  of the C e n t r a l  P o r t i o n  of the M o x i e  P l u t o n
By
R u d o l p h  H o n  and J a y e 1 S c h u l m a n
D e p a r t m e n t  of G e o l o g y  and G e o p h y s i c s
B o s t o n  C o l l e g e
General Statement
For the past s e v e r a l  years, our g r o u p  at the D e p a r t m e n t  of
G e o l o g y  and G e o p h y s i c s ,  B o s t o n  C o l l e g e  has b e e n  i n v o l v e d  in the 
studie s of v a r i o u s  a s p e c t s  of the A c a d i a n  i g n e o u s  rocks l o c a t e d
along the n o r t h w e s t e r n  m a r g i n  of the A p p a l a c h i a n  o r o g e n i c  s y s t e m
in n o r t h e r n  and n o r t h - c e n t r a l  Maine. In this region, 3 5 0 - 4 2 0  m.y.
b e f o r e  present, a p a r t i c u l a r l y  w i d e s p r e a d  i g n e o u s  a c t i v i t y  lead to 
the f o r m a t i o n  of a w i d e  and c o n t r a s t i n g  a s s e m b l a g e  of p l u t o n i c  and 
v o l c a n i c  rocks, r a n g i n g  in c o m p o s i t i o n  f r o m  u l t r a m a f i c s  to 
t r o c t o l i t e s ,  n o r i t e s ,  d i o r i t e s ,  g r a n o d i o r i t e s  and g r a n i t e s  and 
from m i l d l y  a l k a l i c  b a s a l t s  to a n d e s i t e s  and r h y o l i t e s .  We
e n v i s i o n  that i n t e g r a t i o n  of the r e s u l t s  of the m a j o r  e l e m e n t  
g e o c h e m i s t r y ,  trace e l e m e n t  g e o c h e m i s t r y  and m i n e r a l  e q u i l i b r i a
studie s w i l l  p r o v i d e  f u r t h e r  i n s i g h t s  into the d y n a m i c s  of the 
t e c t o n i c  e v o l u t i o n  of the A p p a l a c h i a n s  of N o r t h e r n  M a i n e  d u r i n g  
the A c a d i a n  o r o g e n y .
In this g u i d e b o o k ,  we w i l l  r e p o r t  c h i e f l y  on the field 
r e l a t i o n s h i p s  and d i s t r i b u t i o n  of the i n d i v i d u a l  p e t r o g r a p h i c  
types in a m a f i c  p l u t o n i c  body. E m p h a s i s  is p l a c e d  on the 
m i n e r a l o g i c a l v a r i a t i o n  and the s t r u c t u r a l  and t e x t u r a l  
o b s e r v a t i o n s  w i t h i n  the c e n t r a l  p o r t i o n  of the M o x i e  P l u t o n .  For 
r e a s o n s  of s i m p l i c i t y  and the k e e p i n g  this d e s c r i p t i o n  w i t h i n  the 
g e n e r a l  scope of the N E I G C  g u i d e b o o k s ,  we w i l l  r e f r a i n  from 
r e p o r t i n g  any g e o c h e m i c a l  data, w h i c h  w i l l  be p u b l i s h e d  e l s e w h e r e .  
N e v e r t h e l e s s ,  w h e r e  it w i l l  be a p p r o p r i a t e  or h e l p f u l ,  we w i l l  
draw from these r e s u l t s .
Introduction
The M o x i e  P l u t o n  is a c o n s p i c u o u s l y  e l o n g a t e  body of m a f i c  
rocks 75 km long by 3-10 km wide, l o c a t e d  n e a r  M o o s e h e a d  L a k e  in 
n o r t h - c e n t r a l  Maine. T r e n d i n g  s o u t h w e s t - n o r t h e a s t ,  the p l u t o n  
e x t e n d s  f r o m  M o x i e  Mt a c r o s s  M o x i e  Pond and M o o s e h e a d  L a k e  to its 
n o r t h e a s t  t e r m i n a t i o n  in c o n t a c t  w i t h  the K a t a h d i n  G r a n i t e ,  
c o v e r i n g  an area of a p p r o x i m a t e l y  375 sq km. The age of the
p l u t o n  has been d e t e r m i n e d  f r o m  g a b b r o i c  rocks f r o m  the c e n t r a l  
p o r t i o n  of the pluton, d a t e d  at 393 m.y. ( E a r l y  D e v o n i a n )  by K-Ar 
b i o t i t e  m e t h o d s  (Faul, et a l ., 1963). The p l u t o n  i n t r u d e s
s a n d s t o n e s  and slates of the E a r l y  D e v o n i a n  S e b o o m o o k  Fm., w i t h  a 
p r o m i n e n t  contac t a u r e o l e  of b i o t i t e - t o - c o r d i e r i t e  g r a d e  h o r n f e l s  
up to 3 km w i d e .
As shown in Fig. 1, the d i s t i n c t i v e  o u t l i n e  of the M o x i e  
P l u t o n  d e f i n e s  a series of b u l b - s h a p e d  c e n t e r s  of i n t r u s i o n  and 
n e c k - l i k e  zones.
Rocks in the M o x i e  P l u t o n  range in c o m p o s i t i o n  from d u n i t e s
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and p e r i d o t i t e s  in the s o u t h e r n  bulb t h r o u g h  t r o c t o l i t e s ,  n o r ite s, 
and g a b b r o s  a r o u n d  M o o s e h e a d  L a k e  in the c e n t r a l  bulb to q u a r t z  
d i o r i t e s  and g r a n o d i o r i t e s  in the n o r t h e a s t e r n  peck. E s t i m a t e s  of 
p r e s s u r e  for the K a t a h d i n  and L e x i n g t o n  B a t h o l i t h s  (Hon, 1980), 
c o u p l e d  w i t h  e s t i m a t e s  b a s e d  on m e t a m o r p h i c  i s o g r a d s  p u b l i s h e d  in 
the P r e l i m i n a r y  G e o l o g i c  Map of M a i n e  (1967), i n d i c a t e  a 
s o u t h w e s t - n o r t h w e s t  p o s t - o r o g e n i c  r e g i o n a l  tilt of about five 
d e g r e e s .  Thus, r o c k s  have been u p l i f t e d  to a g r e a t e r  d e g r e e  in 
the s o u t h w e s t ,  and p r e s e n t  e x p o s u r e s  r e p r e s e n t  p r o g r e s s i v e l y  
d e e p e r  s e c t i o n s  w i t h i n  the crust f r o m  n o r t h e a s t  to so u t h w e s t.
T h e r e f o r e ,  the depth of e m p l a c e m e n t  for rocks in the s o u t h e r n  bulb
%
is a p p r o x i m a t e l y  6.5 km g r e a t e r  than for rocks 75 km to the 
n o r t h e a s t ,  near the c o n t a c t  w i t h  the K a t a h d i n  B a t h o l i t h .
H o n  and Roy (1981) p r e s e n t e d  a r e g i o n a l  s y n t h e s i s  for the 
A c a d i a n  O r o g e n y  in n o r t h e r n  M a i n e  that a c c o u n t e d  for both the 
o c c u r r e n c e  of w i d e s p r e a d  A c a d i a n  p l u t o n i c  a c t i v i t y  in 
n o r t h - c e n t r a l  M a i n e  and the c h a n g i n g  locus of d e e p w a t e r  
s e d i m e n t a t i o n  d u r i n g  S i l u r o - D e v o n i a n  time from the M e r r i m a c k  
S y n c l i n o r i u m  s o u t h e a s t  of the G r e e n v i l l e  P l u t o n i c  Belt to the 
C o n n e c t i c u t  V a l l e y - G a s p e '  S y n c l i n o r i u m  n o r t h w e s t  of the p l u t o n i c  
belt. As the axis of m a x i m u m  s e d i m e n t a t i o n  s h i f t e d  f r o m  s o u t h e a s t  
to n o r t h w e s t ,  the sense of d i r e c t i o n  of s e d i m e n t a r y  t r a n s p o r t  
c o n c u r r e n t l y  c h a n g e d  f r o m  e a s t w a r d  to w e s t w a r d .  L o c a t e d  at the
s o u t h e a s t  m a r g i n  of E a r l y  D e v o n i a n  g r a y w a ck e - s lates of the 
C o n n e c t i c u t  V a l l e y - G a s p e '  S y n c l i n o r i u m ,  the i g n e o u s  rocks of the 
P i s c a t a q u i s  V o l c a n i c  Belt (Rankin, 1968) and G r e e n v i l l e  P l u t o n i c
Belt (Hon, 1980) m a r k  the n o r t h w e s t  limit of D e v o n i a n  m a g m a t i s m  in 
Maine. H o n  and Roy i n t e r p r e t  this as e v i d e n c e  i n d i c a t i n g  that the 
G r e e n v i l l e  P l u t o n i c  Belt r e p r e s e n t  the N o r t h  A m e r i c a n  c o n t i n e n t a l  
m a r g i n  d u r i n g  the A c a d i a n .
Background
Rocks in the c e n t r a l  p o r t i o n  of the M o x i e  P l u t o n  range in 
c o m p o s i t i o n  f r o m  t r o c t o l i t e s  and a n o r t h o s i t e s  to n o r i t e s  and 
g a b b r o s .  In hand sample the rocks are light to dark gray, 
t y p i c a l l y  m e d i u m - g r a i n e d ,  and r e l a t i v e l y  fresh. The d o m i n a n t  
p h a s e s  are p l a g i o c l a s e ,  o l i v i n e ,  and o r t h o p y r o x e n e ,  w i t h  less but 
s i g n i f i c a n t  c l i n o p y r o x e n e . H o r n b l e n d e ,  b i o t i t e ,  a p a tit e, and 
o p a q u e  m i n e r a l s  are m i n o r  but w i d e s p r e a d .  The rocks have a 
h e t e r o g e n e o u s  a p p e a r a n c e  in o u t c r o p ,  l o c a l l y  d i s p l a y i n g  c u m u l a t e  
t e x t u r e s  that i n c l u d e  phase or r h y t h m i c  laye r i n g , i g n e o u s  
l a m i n a t i o n ,  p r o m i n e n t  o i k o c r y s t s ,  and i r r e g u l a r  s e g r e g a t i o n s  of 
d o m i n a n t l y  f e l d s p a t h i c  or m a f i c  m a t e r i a l .
M o d a l  and g e o c h e m i c a l  data support the c l a s s i f i c a t i o n  of these 
rocks into two groups : m a g n e s i u m - r i c h  and i r o n - r i c h  ( E s p e n s h a d e  
and B o u d e t t e ,  1967). The m a g n e s i u m - r i c h  rocks, r e f e r r e d  to as 
M g - r o c k s  in this study, c o n t a i n  o l i v i n e  or o r t h o p y r o x e n e  w i t h  
o p t i c a l l y  d e t e r m i n e d  Fo or En c o n t e n t s  g r e a t e r  than 50. They are
f o u n d  p r i n c i p a l l y  in the w e s t e r n  and s o u t h e r n  s e c t i o n s  of the 
c e n t r a l  p o r t i o n  of the pluton. West of M o o s e h e a d  Lake, M g - r o c k s  
form the center of the n e c k  of the pluton, e x t e n d i n g  s o u t h w e s t  to 
the s o u t h e r n  bulb at M o x i e  M o u n t a i n .  East of the Lake, M g - r o c k s  
o u t c r o p  at L o w e r  and U p p e r  W i l s o n  Ponds, f o r m i n g  the s o u t h e r n
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"lobe" of the c e n t r a l  bulb. F e - r o c k s  (with o p t i c a l l y  d e t e r m i n e d
Fo or En c o n t e n t s  less than 50) are f o u n d  a l o n g  the c o n t a c t s  of 
the n e c k  of the p l u t o n  w e s t  of the Lake, e n c i r c l i n g  the Mg-r o c k s .  
East of the lake, F e - r o c k s  p r e d o m i n a t e ,  o u t c r o p p i n g  in all areas 
except L o w e r  and U p p e r  W i l s o n  Ponds. B e c a u s e  each of the two rock 
types has d i s t i n c t i v e  t e x t u r a l ,  m i n e r a l o g i c a l , and g e o c h e m i c a l  
f e a t u r e s ,  they w i l l  be d i s c u s s e d  s e p a r a t e l y  w i t h i n  each category.
A small s i l i c e o u s  stock, the B e a v e r  C o v e r  G r a n i t e ,  is found in 
a r e s t r i c t e d  area a r o u n d  and n o r t h e a s t  of B e a v e r  Cove in M o o s e h e a d  
Lake Quad, t o g e t h e r  w i t h  a s s o c i a t e d  a p l i t e s ,  g r a n i t e  dikes, and 
c o r d i e r i t e - r i c h  rocks. T h e s e  rocks w i l l  be d i s c u s s e d  s e p a r a t e l y  
f r o m  the m a f i c  r o c k s  in the M o x i e  Pluton .
D e f i n i t i o n s : The t e r m i n o l o g y  u s e d  to d e s c r i b e  c u m u l a t e  rocks was
first d e v e l o p e d  by W a g e r  et al. (1960) f r o m  their study of the 
S k a e r g a a r d  I n t r u s i o n .  As d e f i n e d  by them, c u m u l u s  c r y s t a l s  are 
p r e c i p i t a t e d  f r o m  c r y s t a l l i z i n g  m a g m a  and s e t t l e  at a s u r f a c e  of
the m a g m a  c h a m b e r  to form a c c u m u l a t i o n s  of d i s c r e t e  c r y s t a l s .  
I n t e r c u m u l u s  c r y s t a l s  are f o r m e d  f r o m  m a g m a  that is t r a p p e d  in the 
pore spaces b e t w e e n  c u m u l u s  c r y s t a l s .  O r t h o c u m u l a t e  rocks consist 
of b o t h  c u m u l u s  and i n t e r c u m u l u s  phases . In these rocks, c u m u l u s  
c r y s t a l s  are e u h e d r a l  to s u b h e d r a l  and are c o m m o n l y  zoned. The 
outer zones of the c r y s t a l s  r e p r e s e n t  i n t e r c u m u l u s  m a t e r i a l  of 
s l i g h t l y  d i f f e r e n t  c o m p o s i t i o n  f r o m  the o r i g i n a l  c r y s t a l .  
I n t e r c u m u l u s  p h a s e s  are a n h e d r a l  and c o m m o n l y  f o r m  p o i k i l i t i c  
c r y s t a l s  e n c l o s i n g  the e u h e d r a l  c u m u l u s  c r y s t a l s .  P o i k i l i t i c  
c r y s t a l s  may also be zoned. A d c u m u l a t e  rocks c o n s i s t  of l a r g e l y  
u n z o n e d ,  a n h e d r a l  to s u b h e d r a l  c u m u l u s  c r y s t a l s ,  d i s p l a y i n g  an 
i n t e r l o c k i n g  m o s a i c  t e x t u r e ,  w i t h  few or no p o i k i l i t i c  or other 
i n t e r c u m u l u s  c r y s t a l s .  I n t e r c u m u l u s  m a t e r i a l  of the same
c o m p o s i t i o n  as the c u m u l u s  c r y s t a l s  d i f f u s e s  to them; as the 
c u m u l u s  p h a s e s  c o n t i n u e  to grow, they e x p e l l  from the c r y s t a l  mush 
any i n t e r c u m u l u s  m a t e r i a l  that is not n e e d e d  for their growth. 
A d c u m u l a t e  t e x t u r e s  are best seen in m o n o m i n e r a l ic r o c k s  such as 
a n o r t h o s i t e s . In m e s o c u m u l a t e  rocks, c u m u l u s  p h a s e s  show some
a d c u m u l a t e  growth, but r e t a i n  a small a m o u n t  of i n t e r c u m u l u s  
m a t e r i a l .
Some of the t r o c t o l i t e s  and p y r o x e n e - a n o r t h o s i t e s  in the Moxie
P l u t o n  have a s p o t t e d  a p p e a r a n c e  due to the p r e s e n c e  of large 
p o i k i l i t i c  p y r o x e n e s  r a n g i n g  f r o m  one to a few cm in d i a m e t e r .  
F o l l o w i n g  the u s a g e  of J a c k s o n  (1961) and I r v i n e  (1974), these are
c a l l e d  o i k o c r y s t s : p o i k i l i t i c  i n t e r c u m u l u s  c r y s t a l s ,  g r o s s l y
s p h e r i c a l  or spongy in shape, that are m u c h  larger in d i a m e t e r  
than the e u h e d r a l  c u m u l u s  c r y s t a l s  they e n c los e.
C u m u l a t e  t e x t u r e s  are r e a d i l y  i d e n t i f i a b l e  w h e n  c u m u l u s  and 
i n t e r c u m u l u s  m a t e r i a l  form d i f f e r e n t  phases. As the n u m b e r  of 
c u m u l u s  p h a s e s  i n c r e a s e s ,  the n u m b e r  of d i f f e r i n g  i n t e r c u m u l u s  
p h a s e s  d e c r e a s e s ;  the i n t e r c u m u l u s  m a t e r i a l  is m o r e  likely to lead 
to the f o r m a t i o n  of z o n e d  or o v e r g r o w n  c u m u l u s  c r y s t a l s .  W i t h  the 
r e d u c t i o n  in n u m b e r  of new i n t e r c u m u l u s  p h a s e s  ( p a r t i c u l a r l y ,
p r o m i n e n t  p o i k i l i t i c  c r y s t a l s ) ,  c u m u l a t e  t e x t u r e s  b e c o m e  less
a p p a r e n t .
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O l i v i n e - b e a r i n g  rocks in the M o x i e  P l u t o n  may d i s p l a y  a 
s y m p l e c t i t e  texture. W h e r e  o l i v i n e  c r y s t a l s  are in c o n t a c t  w i t h  
p l a g i o c l a s e ,  a w o r m y  i n t e r g r o w t h  of f e l d s p a r  and pale g r e e n  to 
c o l o r l e s s  d i o p s i d e  a n d / o r  a m p h i b o l e  rims the o l i vin e. The blebs 
of d i o p s i d e  are no m o r e  than a few m i c r o n s  in d i a m e t e r ;  the 
s y m p l e c t i t e  rim is t y p i c a l l y  ^.1 m m  wide. L oc all y, s k e l e t a l  
o r t h o p y r o x e n e  m a n t l e s  the o l i vin e, a d j a c e n t  to the s y m p l e c t i t e .  
Rarely, s y m p l e c t i t e  o c c u r s  a r o u n d  o p a q u e  m i n e r a l s .  D e s c r i b i n g  a
s i m i l a r  s y m p l e c t i t e  corona in o l i v i n e  g a b b r o  of the Duke Island 
U l t r a m a f i c  C o m p l e x ,  I r v i n e  (1974) c o n s i d e r e d  the t e x t u r e  as
e v i d e n c e  for "an a p p r o a c h  to local e q u i l i b r i u m . "  The p r e s e n c e  in 
the rock of two m a j o r  p h a s e s  in initia l d i s e q u i l i b r i u m  suggests- a 
p o s s i b l e  c u m u l a t e  o r i g i n  for the rocks, w h e r e  c u m u l a t e  t e x t u r e s  
are o b s c u r e d  by the m u l t i p l i c i t y  of c u m u l a t e  phases.
T e x t u r e s  in M g - R o c k s : C u m u l a t e  t e x t u r e s  seen in M g - r o c k s  i n c l u d e
a s p o t t e d  t e x t u r e  c a u s e d  by the p r e s e n c e  of a b u n d a n t  p r o m i n e n t  
o i k o c r y s t s ,  best seen in t r o c t o l i t e s  at Stop 5 at the center of 
the n e c k  of the pluton, just w e s t  of M o o s e h e a d  Lake. The 
o i k o c r y s t s  are gray, r o u g h l y  s p h e r i c a l ,  from one to five 
c e n t i m e t e r s  in d i a m e t e r ,  set in a l i g h t e r  gray to w h i t e  m a t r i x  of 
f e l d s p a r  c r y s t a l s  (2 m m  long). On w e a t h e r e d  surfaces, the spots
form r a i s e d  knobs, l o c a l l y  i n t e r c o n n e c t e d  or r o u g h l y  a l i g n e d  to 
form i r r e g u l a r ,  d i s c o n t i n u o u s  l i n e a t i o n s .  The o i k o c r y s t s  consist 
of p o i k i l i t i c  c l i n o p y r o x e n e s  e n c l o s i n g  e u h e d r a l  f e l d s p a r  and
o l i v i n e  crys t a l s ,  and f o r m  5 - 2 5 %  of the rock. D e s p i t e  the 
p r e s e n c e  of up to 25% i n t e r c u m u l u s  m a t e r i a l ,  the s p o t t e d  
t r o c t o l i t e s  are not simple o r t h o c u m u l a t e  rocks. D o m a i n s  of 
o r t h o c u m u l a t e  p y r o x e n e  t e x t u r e  a l t e r n a t e  w i t h  d o m a i n s  of f e l d s p a r  
plus o l i v i n e  that are m o r e  a d c u m u l i t i c  in a p p e a r a n c e ;  each d o m a i n  
is only s e v e r a l  m m  to a few cm in d i a m e t e r .  One sample of 
a d c u m u l u s  t r o c t o l i t e  f r o m  the n o r t h e r n  end of Stop 5 c o n t a i n s  only 
3% i n t e r c u m u l u s  m a t e r i a l .  O i k o c r y s t s  are also p r o m i n e n t ,  but less 
a b u n d a n t ,  in a n o r t h o s i t e  at H a r f o r d s  Point w e s t  of M o o s e h e a d  L a k e  
(Stop 8).
R h y t h m i c  i n c h - s c a l e  l a y e r i n g  c a u s e d  by the a l t e r n a t i o n  of 
n a r r o w  bands of m a f i c -  and f e l d s p a r - r i c h  rocks is o c c a s s i o n a l ly
w e l l - d e v e l o p e d  at L o w e r  W i l s o n  Pond. A d c u m u l a t e  a n o r t h o s i t e  
layers, w i t h  a few g r a i n s  of o l i v i n e ,  g r a d e  into o r t h o c u m u l t e  
t r o c t o l i t e  layers in w h i c h  i n t e r c u m u l u s  p y r o x e n e s  p o i k i l i t i c a l ly
e n c l o s e  f e l d s p a r  and o l i v i n e .  I n d i v i d u a l  layers are i r r e g u l a r  and 
d i s c o n t i n u o u s ,  f r o m  .5 m to 2-3 m long, and t y p i c a l l y  only 5-10 m m  
wide; but p a i r e d  bands may be up to 5 cm wide. S i m i l a r  l a y e r i n g
is v i s i b l e  at Stop 14, n o r t h  of Mud Pond, w h e r e  a w e a k  i g n e o u s  
l a m i n a t i o n ,  c a u s e d  by s u b p a r a l l e l  a l i g n m e n t  of f e l d s p a r  laths, is 
v i s i b l e  in a n o r t h o s i t e  layers. The t r o c t o l i t e  layers c o n t a i n  
p o i k i l i t i c  h o r n b l e n d e  and b i o t i t e  as w e l l  as p y r o x e n e .
E l s e w h e r e ,  p h a s e  l a y e r i n g  is less w e l l  d e f i n e d .  A l i n e a t i o n  
is s o m e t i m e s  c a u s e d  by s t r i n g e r s  of m a f i c  c r y s t a l s .  In thin 
section, small o l i v i n e s  a p p e a r  to be strung out like beads; the 
effect is p r o d u c e d  in part by a d c u m u l u s  g r o w t h  of the oliv i n e s ,  
f i n g e r i n g  into i n t e r s t i c e s  b e t w e e n  f e l d s p ar c r y s t a l s .  M c C a l l u m  et 
al. (1980) d e s c r i b e  t r o c t o l i t e s  in the S t i l l w a t e r  C o m p l e x  w h e r e  
" b a n d i n g  is d e f i n e d  by s u b p a r a l l e l  s t r i n g e r s  of r o u n d e d  o l i v i n e s "
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t
(p . 6 2).
O r t h o c u m u l a t e  t e x t u r e s  are d o m i n a n t  in p e r i d o t i t e s  found in 
the s o u t h e r n  part of the pluton, on the w e s t  shore of Lake Moxie: 
large p o i k i l i t i c  p y r o x e n e s  e n c l o s e  e u h e d r a l  c u m u l u s  o l i v i n e s .  In 
c o n t r a s t ,  a d c u m u l a t e  t e x t u r e s  are d o m i n a n t  in the a n o r t h o s i t e s  at 
Stop 8 d e s p i t e  the p r e s e n c e  of o i k o c r y s t s  of p y r o x e n e  up to 7x10 
cm large. In his d i s c u s s i o n  of the S t i l l w a t e r  Co m ple x, Hess
(1960) d e s c r i b e s  an a n o r t h o s i t e  of 90% p l a g i o c l a s e  and 10% 
p o i k i l i t i c  h y p e r s t h e n e  that forms large spots up to 3 cm in 
d i a m e t e r .
T e x t u r e s  in F e - R o c k s : The m o s t  p r o m i n e n t  t e x t u r e s  in F e - r o c k s  are
i g n e o u s  l a m i n a t i o n  and s y m p l e c t i t e  g r o w t h ;  p h a s e  l a y e r i n g  plays a 
s u b o r d i n a t e  role. The i g n e o u s  l a m i n a t i o n  m a y  be a c c o m p a n i e d  by a
linear o r i e n t a t i o n  of f e l d s p a r  c r y s t a l s  in the p l a n e  of lamination 
(Visher, 1960). The l a m i n a t i o n  is best seen in n o r i t e s  and 
g a b b r o - n o r i t e s  east of M o o s e h e a d  L a k e  w h e r e  o l i v i n e  is a b s e n t  or 
p r e s e n t  only in s u b o r d i n a t e  a m o u n t s :  the r o u n d e d  shape of olivine
g r a i n s  tends to d i s r u p t  the l a m i n a t i o n .  At Stop 13, n o r i t e s  with 
i g n e o u s  l a m i n a t i o n  share c h a r a c t e r i s t i c s  of some a d c u m u l a t e  rocks: 
only two m a j o r  p h a s e s  are p r e s e n t ,  w i t h  m i n o r  o p a q u e s ,  and there 
is little i n t e r s t i t i a l  m a t e r i a l .  In c o n t r a s t ,  at Stop 15 on Lily 
Bay, g a b b r o - n o r i t e  w i t h  a w e a k  i g n e o u s  l a m i n a t i o n  c o n t a i n s  15% 
p o i k i l i t i c  b i o t i t e  and h o r n b l e n d e ,  i n d i c a t i n g  the o r t h o c u m u l a t e  
n a t u r e  of the rock.
An i g n e o u s  l a m i n a t i o n  a c c o m p a n i e s  p h a s e  l a y e r i n g  in rocks from 
the s o u t h e r n  end of Stop 9 west of M o o s e h e a d  Lake. In one sample, 
i n c h - s c a l e  layers of a d c u m u l a t e  g a b b r o - n o r i t e  show a s t r o n g  
l a m i n a t i o n  in w h i c h  p y r o x e n e s  and a p a t i t e  are also o r i e n t e d  in the 
plane of l a m i n a t i o n .  These layers a l t e r n a t e  w i t h  layers rich in 
i n t e r c u m u l u s  b i o t i t e  and h o r n b l e n d e  (10% h y d r a t e d  p h a s e s )  and 
d e v o i d  of l a m i n a t i o n .  T h e r e  is also a s u g g e s t i o n  of sorting:
a p a t i t e  g r a i n s  are larges t and m o s t  a b u n d a n t  n e a r  the " b o t t o m "  
c o n t a c t  of the a d c u m u l a t e  layer w i t h  the o r t h o c u m u l a t e  layer. A 
s i m i l a r  s o r t i n g  of o l i v i n e  c r y s t a l s  is o b s e r v e d  in p h a s e - l a y e r e d  
n o r i t i c  rocks f r o m  o u t c r o p s  near B e a v e r  Cove. F i n e - g r a i n e d  layers
4-5 m m  w i d e  a l t e r n a t e  w i t h  1-5 m m  w i d e  bands of m a f i c  m i n e r a l s  and 
layers a few cm w i d e  of o l i v i n e  n o r i t e .  G r a i n  sizes in the 
o l i v i n e  n o r i t e  layers are s o m e w h a t  l a r g e r  than in the other
layers, but t o w a r d  the c o n t a c t  w i t h  the n o r i t e  layer, g r a i n  sizes 
and the p r o p o r t i o n  of o l i v i n e  c r y s t a l s  d e c r e a s e .  The c o n t a c t s
b e t w e e n  layers are sharp.
S y m p l e c t i t e  t e x t u r e  is u b i q u i t o u s  in o l i v i n e - b e a r i n g  Fe-rocks, 
i n c r e a s i n g  in p r o m i n e n c e  as the p r o p o r t i o n  of m o d a l  o l i v i n e  
i n c r e a s e s .  It is best seen in F e - r o c k s  at the n o r t h e r n  contact of 
the n e c k  of the pluton, west of M o o s h e a d  Lake, w h e r e  both 
o r t h o c u m u l a t e  (Stop 2) and a d c u m u l a t e  t r o c t o l i t e s  are found.
To s u m m a r i z e ,  t e x t u r e s  in M g - r o c k s  i n c l u d e  p r o m i n e n t  oikocryst 
t e x t u r e s  and r h y t h m i c ,  i n c h - s c a l e ,  phase l a y e r i n g ,  w i t h  m i n o r  but 
s i g n i f i c a n t  m o n o m i n e r a l i c  a d c u m u l a t e  t e x t u r e s  ( m a s s i v e  
a n o r t h o s i t e s ) .  F e - r o c k s  may d i s p l a y  p h a s e  l a y e r i n g ,  but the 
d o m i n a n t  t e x t u r e  is an i g n e o u s  l a m i n a t i o n  of f e l d s p a r s  that is 
s t r o n g e s t  in a d c u m u l a t e  rocks w h e r e  o t h e r  phases , n o t a b l y
p y r o x e n e s ,  are also a l i g n e d  in the plane of l a m i n a t i o n .
107
Mineralogy
The m i n e r a l s  in m a f i c  rocks of the M o x i e  P l u t o n  may be 
c l a s s i f i e d  as c u m u l u s  or i n t e r c u m u l u s  phases, a c c o r d i n g  to 
c r i t e r i a  d e f i n e d  above. W h i l e  o l i v i n e  and p l a g i o c l a s e  occur 
a l m o s t  e x c l u s i v e l y  as c u m u l u s  phases, o r t h o -  and c l i n o p y r o x e n e , 
a p a tit e, and o p a q u e  m i n e r a l s  m a y  form e i t h e r  c u m u l u s  or 
i n t e r c u m u l u s  grains. H o r n b l e n d e  and b i o t i t e  occur a l m o s t
e x c l u s i v e l y  as i n t e r c u m u l u s  phases ; q u a r t z  is i n t e r c u m u l u s  only.
A l t e r a t i o n  p r o d u c t s  i n c l u d e  f i b r o u s  a m p h i b o l e ,  s e r p e n t i n e ,
chlo r i t e ,  talc, c a r b o n a t e ,  s e r i c i t e ,  and k a o l i n i t e ;  but e x c e p t  for 
u l t r a m a f i c  rocks, the rocks are r e l a t i v e l y  u n a l t e r e d .
M i n e r a l o g y  of M g - R o c k s : In M g - r o c k s  w h e r e  o l i v i n e  and p l a g i o c l a s e
are the only c u m u l u s  phases, as in the s p o t t e d  t r o c t o l i t e s  at Stop 
5, o l i v i n e s  are c o m m o n l y  m a n t l e d  w i t h  a s k e l e t a l  rim of 
o r t h o p y r o x e n e .  The t r o c t o l i t e s  are f e l d s p a r - r i c h ,  c o n s i s t i n g  of
6 0 - 7 0 %  p l a g i o c l a s e  (An 70, o p t i c a l l y  d e t e r m i n e d )  and 10-30%
o l i v i n e  (Fo 7 0 - 7 5 ) .  I n t e r c u m u l u s  o i k o c r y s t s  of c l i n o p y r o x e n e  m a k e  
up 5-20% of the rock, w i t h  m i n o r  i n t e r c u m u l u s  r e d - b r o w n  b i o t i t e  
( . 5 - 3 . 0 % )  and h o r n b l e n d e  ( . 5 - 5 . 0 % )  that may m a n t l e  o l i v i n e  or 
i n t e r c u m u l u s  o p a q u e s  (.5%). O l i v i n e  and p l a g i o c l a s e  in l a y e r e d  
t r o c t o l i t e s  are s i m i l a r  in c o m p o s i t i o n .  P a i r e d
a n o r t h o s i t e - t r o c t o l i t e  layers m a y  be m o r e  f e l d s p a t h i c  than the 
s p o t t e d  t r o c t o l i t e s  ( 7 0 - 8 0 %  p l a g i o c l a s e ) ,  or m o r e  h o r n b l e n d e -  and 
b i o t i t e - r i c h .
C l i n o p y r o x e n e  a p p e a r s  as a c u m u l u s  phase at Stop 4, w h e r e  
o l i v i n e  g a b b r o  c o n t a i n s  20% cpx. E u h e d r a l  g r a i n s  of cpx are 
c l e a r l y  c u m u l u s  in origin: the s u b o p h i t i c  t e x t u r e  of o t h e r  g r a i n s
of cpx m a y  r e p r e s e n t  o r t h o c u m u l a t e  o v e r g r o w t h  or a d c u m u l a t e  
e x t e n s i o n  of o r i g i n a l  c u m u l u s  c r y s t a l s .  The An and Fo c o n t e n t s  of 
the p l a g i o c l a s e  and o l i v i n e  are s i s m i l a r  to those of the s p o t t e d  
t r o c t o l i t e s  that lie w e s t  and n o r t h  of Stop 4. In c o n t r a s t ,  at 
Stop 6, f e l d s p a t h i c  o l i v i n e  g a b b r o  c o n t a i n s  p l a g i o c l a s e  w i t h  An 
56-60 and o l i v i n e  w i t h  Fo 6 0 - 6 5  as c u m u l u s  p h a s e s  w i t h  cpx.
W h i l e  c u m u l u s  cpx o c c u r s  in o u t c r o p s  on both sides of 
M o o s e h e a d  Lake, c u m u l u s  opx in M g - r o c k s  occur only in the e a s t e r n  
half of the pluton. Stop 10 at the m o u t h  of B e a v e r  Cover, is a 
f i n e - g r a i n e d  h y p e r s t h e n e  g a b b r o  w i t h  c u m u l u s  cpx and opx of En 60. 
Some cpx are s u b o p h i t i c ,  s u g g e s t i n g  c o n t i n u e d  i n t e r c u m u l u s  g r o w t h  
on c u m u l u s  c r y s t a l s .  H o w e v e r ,  c u m u l a t e  t e x t u r e s  are not c l e a r l y  
defined, except in isolated, i r r e g u l a r  p a t c h e s  of c o a r s e - g r a i n e d
f e l d s p a t h i c  rock up to 2 m long, w i t h  En 5 0 - 5 5  and A n  50.
S u b p a r a l l e l  a l i g n m e n t  of p y r o x e n e s  and some p l a g i o c l a s e  c r y s t a l s  
is i n t e r r u p t e d  by p o i k i l i t i c  h o r n b l e n d e  and b i o t i t e  c r y s t a l s  3-5 
mm in d i a m e t e r .  T r a c e  a m o u n t s  of i n t e r c u m u l u s  a p a t i t e  are 
p r e s e n t ;  and the sample c o n t a i n s  4% i n t e r c u m u l u s  q u a r t z .  C o n t a c t s  
b e t w e e n  the c o a r s e r - g r a i n e d  m a t e r i a l  and the h y p e r s t h e n e  g a b b r o  
are sharp.
S a m p l e  at Stop 12 is a n o r i t e  w i t h  53% p l a g i o c l a s e ,  43% opx of
En 65, and m i n o r  h o r n b l e n d e ,  b i o t i t e ,  and o p a q u e s .  F e l d s p a r  and 
some of the p y r o x e n e s  show a d c u m u l a t e  texture. The m a j o r i t y  of 
p y r o x e n e  crys t a l s ,  h o w e v e r ,  are s u b o p h i t i c  to n e a r l y  o i k o c r y s t i c .  
L a r g e  p y r o x e n e s  that look like single, sub- to e u h e d r a l  c r y s t a l s
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in p l a i n  light, are r e v e a l e d  as a g g r e g a t e s  of small, i n d i v i d u a l
c r y s t a l s  u n d e r  c r o s s e d  n i c o l s .  This s u g g e s t s  that p y r o x e n e  is a 
c u m u l u s  phase that u n d e r w e n t  c o n t i n u e d  g r o w t h  f r o m  i n t e r c u m u l u s  
m a t e r i a l .  It s h o u l d  be n o t e d  that w h e r e  o r t h o p y r o x e n e  is a 
c u m u l u s  phase, o l i v i n e  is rare or absent. T h e r e  is no o l i v i n e  in 
s a m p l e s  at Stops 10 nor 12.
M i n e r a l o g y  of F e - R o c k s : F e - r o c k s  are p r e d o m i n a n t l y  n o r i t e s  and
g a b b r o - n o r i t e s  w i t h  c u m u l u s  p l a g i o c l a s e ,  o r t h o p y r o x e n e ,
c l i n o p y r o x e n e , a p a t i t e ,  and o p a q u e s .  F i n e - g r a i n e d  n o r i t e s  at Stop
13 c o n s i s t  of 6 0 - 6 5 %  p l a g i o c l a s e  (An 5 2 - 5 7 ) ,  2 5 - 3 0 %  o p x  (En 40-50)
and 5% o p a q u e s .  M i n o r  h o r n b l e n d e ,  b i o t i t e ,  and t r a c e  a m o u n t s  of 
q u a r t z  are p r e s e n t  as i n t e r c u m u l u s  grains. In these n o r i t e s  and
g a b b r o - n o r i t e s  f r o m  Stop 15 and f r o m  near T u s s l e  L a g o o n
(E s p e n s h a d e 1s o u t c r o p  562, 1972), f i b r o u s  a m p h i b o l e  i d e n t i f i e d  as
c u m m i n g t o n i t e  a p p e a r s  as an a l t e r a t i o n  p r o d u c t ,  c h i e f l y  at the
e x p e n s e  of o r t h o p y r o x e n e .
O t h e r  o l i v i n e - f r e e  n o r i t e s  and g a b b r o - n o r i t e s  east of
M o o s e h e a d  L a k e  t y p i c a l l y  c o n t a i n  5 5 - 6 0 %  p l a g i o c l a s e  (An 55-65), 
2 0 - 2 5 %  o r t h o p y r o x e n e  (En 35-50) , up to 10% c l i n o p y r o x e n e , o p a q u e s ,  
and up to 1.5% a p a t i t e  as c u m u l u s  phases . In a d d i t i o n ,  rocks from 
some of the o u t c r o p s  on the e a s t e r n  side of B e a v e r  Cove, c o n t a i n  a 
few e u h e d r a l  c r y s t a l s  of p r i m a r y  c u m m i n g t o n i t e . I n t e r s t i t i a l  
q u a r t z  m a y  be p r e s e n t  in a m o u n t s  up to 2%. I n t e r c u m u l u s  
p o i k i l i t i c  h o r n b l e n d e  and b i o t i t e  are u b i q u i t o u s .  The 
g a b b r o - n o r i t e s  e x t e n d  f r o m  B e a v e r  Cove south to S a n d y  Bay, east to 
P r o n g  Pond, and n o r t h  to T u s s l e  L a g o o n  and N o r t h  Brook.
Rocks w i t h  a b u n d a n t  o l i v i n e  o c c u r  only w e s t  of M o o s e h e a d  Lake. 
The o l i v i n e  rocks h a v e  an An c o n t e n t  of 5 5 - 6 0  w i t h  Fo of 30-35.
S y m p l e c t i t e  t e x t u r e  is u b i q u i t o u s .  The r o c k s  are c o a r s e r - g r a i n e d  
than the n o r i t e s  east of the lake; and En c o n t e n t s  are lower
(35-40 vs 4 0 - 5 0 ) .  O u t c r o p s  at Stop 9, l o c a t e d  at the s o u t h e r n
c o n t a c t  of the p l u t o n ,  are h e t e r o g e n e o u s  o l i v i n e  n o r i t e s
c o n t a i n i n g  4 5 - 6 5 %  p l a g i o c l a s e ,  5 - 2 0 %  o l i v i n e ,  and 5-25%
o r t h o p y r o x e n e s .  Up to 2.5% c u m u l u s  a p a t i t e  c r y s t a l s  are common; 
trace a m o u n t s  of q u a r t z  are p r e s e n t .  At the n o r t h e r n  c o n t a c t  of 
the pluton, q u a r t z  is a b s e n t  f r o m  i r o n - r i c h  t r o c t o l i t e s ,  and 
o r t h o p y r o x e n e  o c c u r s  only as an i n t e r c u m u l u s  p h a s e  m a n t l i n g  
o l ivine .
C o m p a r i s o n  of M i n e r a l o g i e s : M g - r o c k s  are c h a r a c t e r i z e d  by the
p r e d o m i n a n c e  of c u m u l u s  p l a g i o c l a s e  and o l i v i n e  w i t h  i n t e r c u m u l u s  
c l i n o p y r o x e n e s . O r t h o p y r o x e n e  u s u a l l y  a p p e a r s  only as a s k e l e t a l  
rim on o l i v i n e .  H o r n b l e n d e ,  b i o t i t e ,  and o p a q u e s  t o g e t h e r  
t y p i c a l l y  m a k e  up 3% or less of the rock. A p a t i t e  is a b s e n t  or 
p r e s e n t  only in trace a m o u n t s ,  and p o t a s s i u m  f e l d s p a r  is n o w h e r e  
p r e s e n t .  P l a g i o c l a s e ,  o l i v i n e ,  and o r t h o p y r o x e n e  c o m p o s i t i o n s
v a r y  w i t h i n  a f a i r l y  n a r r o w  band: A n  65-75, Fo and En 70-75.
L o w e r  v a l u e s  are r e p o r t e d  only for those rocks in w h i c h  p y r o x e n e  
is a c u m u l u s  phase (En 6 0 - 6 5 ) .  In c o n t r a s t  to the m o r e  r e s t r i c t e d  
r a n g e  of the M g - r o c k s ,  F e - r o c k s  c o m m o n l y  c o n t a i n  four or five 
c u m u l u s  phases, i n c l u d i n g  o p a q u e  m i n e r a l s  and a p a t i t e .  An, Fo, 
and En c o n t e n t s  are all c o n s i d e r a b l y  lower than those in M g - r o c k s :  
t y p i c a l  m i n e r a l  c o m p o s i t i o n s  are p l a g i o c l a s e  A n  50-60,
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o r t h o p y r o x e n e  En 35-45, and o l i v i n e  Fo 30-40. O r t h o p y r o x e n e  is
more a b u n d a n t  than c l i n o p y r o x e n e : cpx o i k o c r y s t s ,  c o m m o n  in
Mg-r o c k s ,  are a b s e n t  in F e - r o c k s .  Instead, p o i k i l i t i c  clots of 
biotit e and h o r n b l e n d e  m a k e  up 5 — 10% of F e — rocks. Trace a m o u n t s  
of i n t e r s t i t i a l  q u a r t z  are found in rocks w i t h o u t  o l i v i n e ;  like 
Mg-rocks, h o w e v e r ,  F e - r o c k s  c o n t a i n  no p o t a s s i u m  f e l d s p a r .
No rocks w i t h  o r t h o p y r o x e n e  c o m p o s i t i o n  of En 50-60 were found 
in this study. E s p e n s h a d e  (1972), h o w e v e r ,  r e p o r t e d  the 
o c c u r r e n c e  of such p y r o x e n e s  in g a b b r o - n o r i t e s  from east of 
M o o s e h e a d  Lake. T h e s e  rocks share c e r t a i n  c h a r a c t e r i s t i c s  w i t h  
the F e - r o c k s .  A r o u n d  P r o n g  Pond g a b b r o - n o r i t e s  c o n t a i n  one or 
more of the f o l l o w i n g :  5% i n t e r s t i t i a l  h o r n b l e n d e  plus biotite,
5-8% o p a q u e s ,  and i n t e r s t i t i a l  quartz . A v a r i a b l e  to strong 
igneous l a m i n a t i o n  m a y  be p r e s e n t .  A l o n g  L i l y  Bay, a l a m i n a t e d  
norite w i t h  a b u n d a n t  a p a t i t e  and o p a q u e s  was d e s c r i b e d  by
E s p e n s h a d e  (1972).
Granites and Granitic Dikes
%
S i l i c e o u s  rocks in the M o x i e  P l u t o n  i n c l u d e  the B e a v e r  Cove
G r a n i t e s  w i t h  a s s o c i a t e d  a p l i t e s  and g r a n i t i c  rocks. The g r a n i t e s  
are best seen n o r t h e a s t  of B e a v e r  Cove, w h e r e  g r a n i t e  o u t c r o p s  
trend n o r t h  for a p p r o x i m a t e l y  one k i l o m e t e r .  At B l a c k  Point, 
b o u l d e r s  of b r e c c i a t e d  n o r i t e  in a g r o u n d m a s s  of g r a n i t e  i n d i c a t e  
the i n t r u s i v e  n a t u r e  of the B e a v e r  C o v e - M o x i e  P l u t o n  r e l a t i o n s h i p .  
The g r a n i t e s  are a light buff color, w e a t h e r i n g  to a r u s t y  orange, 
with a m e d i u m -  to f i n e - g r a i n e d  s u g a r y  t e x tur e. The lack of m a f i c  
phases is o b v i o u s  in o u t c r o p .  Stop 13 shows s a m p l e s  w h i c h  c o n t a i n  
30-35% o l i g o c l a s e ,  an equal a m o u n t  of quartz, and 30% m i c r o c l i n e ,  
with m i n o r  b i o t i t e  and a l t e r a t i o n  p r o d u c t s .  Some p l a g i o c l a s e  
grains are r i m m e d  w i t h  m y r m e k i t e .  S c a t t e r e d  c l u s t e r s  of tiny 
g arnet c r y s t a l s  are rare but v i s i b l e  in s a m p l e s  of the aplite, w i t h  
b l e a c h e d  z o n e s  a r o u n d  the c l u s t e r s .  The a p l i t e  is s i m i l a r  in 
c o m p o s i t i o n  to the g r a n i t e s ,  w i t h  s l i g h t l y  m o r e  m i c r o c l i n e  and 
s l i g h t l y  les p l a g i o c l a s e .
V e r t i c a l  g r a n i t e  dikes that i n t r u d e  o u t c r o p s  at Stop 12 show a 
l i n e a t i o n  from a l i g n m e n t  of b i o t i t e  f l a k e s  p a r a l l e l  to the w a l l s  
of the dikes, c a u s e d  by flow f o l i a t i o n .  The dikes are 20-30 cm 
wide, s p e c k l e d  w h i t e  to light gray in color, and m e d i u m -  to 
f i n e - g r a i n e d  ( g r a i n s  .5-1.0 m m  in d i a m e t e r ) .  The f i n e - g r a i n e d ,  
foliated, q u a r t z - r i c h  m a t e r i a l  that o c c u r s  at Rum Cove on L o w e r  
W i l s o n  Pond a p p e a r s  in thin s e c t i o n  to be the same kind of 
g r a n i t i c  dike rocks as sample s g r a n i t i c  dikes of Stop 12.
A dark gray, a p h a n i t i c  dike r o c k  i n t r u d e s  also the n o r i t e  
cliffs and l e d g e s  a l o n g  the n o r t h  shore of P r o n g  Pond. The dikes 
are a few cm wide, w i t h  a p o p h y s e s  into the norite. Locally, 
biotit e p h e n o c r y s t s  are v i s i b l e  a l o n g  the m a r g i n s  of the dikes.
In thin section, the rock is f i n e - g r a i n e d  (grain s less than .2 m m  





































Plate I. Cent ral  Por t i on  of the M o x ie Pluton
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ROAD LOG
Assemble at 8:30 AM in the parking lot of the Squaw Mtn. Ski Lodge at the 
base of the ski resort area. The lodge is located at the end of the well 
marked side road, about 6 miles NW from the center of the town of Greenville.
If traveling north from Greenville, turn left (West) onto the Squaw Mtn. Ski 
Resort road and proceed for 2.2 m toward the lodge. Essentially all trip stops 
will be alongside major highways, either on Rt. 6/15 or Lily Bay Road (Baxter 
State Park Road). As these roads may be well travelled highways, up to eight 
vehicles will be available for the trip. Please consolidate into as few 
vehicles as possible at the beginning of the trip; the total distance travelled 
will be short and the parked cars can be readily reached at the end of the 
trip. Please bring your own lunch bags.
This field trip consists of two legs. The first leg will examine out­
crops across one of the narrower sections of the Moxie Pluton (about 2.5 mi 
wide). The second leg will visit outcrops along a SW-NE cross-section through 
the so-called "Greenville bulge". All localities of this trip are either in 







From the Ski Lodge parking lot go toward Rt. 6/15.
Junction with Rt. 6/15. Turn left (south) onto Rt. 6/15.
STOP 1: CONTACT METAMORPHOSED COUNTRY ROCKS NEAR THE NW
C0NTACT WITH THE MOXIE PLUTON. Andalusite to sillimanite 
grade metamorphism of a well laminated monotonous sequence 
of rythmically layered, graded beds (graded begging is 
usually several inches thick). The shaly zones within the 
graded beds contain in the bedding plane clearly visible, 
large elongated andalusite porphyroblasts surrounded by the 
groundmass, consisting of biotite, quartz, feldspars and 
ocasionally also of sillimanite. Common stringers of pegma- 
toidal zones are filled with quartz, feldspar, andalusite 
and biotite. These pegmatoidal zones are believed to have 
their origin in the dehydration reactions upon heating of the 
sedimentary rocks.
Proceed south on Rt. 6/15.
2.65 0.35 Outcrop on the west side of the road. STOP 2: ORTHOCUMULATE
OLIVINE NORITE TO HYPERSTHENE TROCTOLITE OF THE MARGINAL ZONES 
This rock is a typical representative of the marginal zone in 
this area. The rock is medium grained, discretely laminated 
due to an alignment of mineral grains (N50E, 40°S), contains 
occasional small fragments of country rock inclusions and 
infrequent pegmatitic veinlets and nests. Prominent sulfidic 
eliptical stringers, 2-10 inches long and about 1 inch wide, 
are easily recognized by their rusty appearance on the 
weathered surfaces or by a pyrrhotitic yellowish color on the 
fresh surfaces. The sulfidic stringers are well developed
along both sides of the contacts and will also be observed at 









50% cumulitic labradorite feldspar, 15-20% hypersthene, 10-20% 
fayalitic olivine, 5% each of hornblende and biotite, 3% apatite 
and about 7% ilmenite and other opaques. Biotite and hornblende 
are present as intercumulus phases forming larger, about nut­
sized poikilitic phenocrysts with olivine, opx and plagioclase 
being the included minerals. Clinopyroxene is virtually absent, 
while it is abundant within the central portion of the pluton.
Continue southward on Rt. 6/15.
0.50 Turn left (east) and proceed toward the Bureau of Forestry's
Squaw Brook Campsife. Bear left at the upcoming fork.
0.20 Outcrop about 100 ft. on your left side (away from the stream).
STOP 3: MEDIUM-GRAIN GRADED TROCTOLITE. Shallowly dipping se­
quence (N05E, 25°S-toward the center of the pluton) consists of 
a series of reptitious motifs, each about 10-20 inches thick.
The upper part of each motif is made of a medium to coarse
grained troctolite with no, or only few, poikilitic phenocrysts. 
The grain size may be up to 10 mm large. By contrast, the lower 
part of the motif consists of fine grained (less than 1 mm) 
troctolites with abundant, 3-5 cm large, poikilitic phenocrysts 
(oikocrysts) of clinopyroxene. Mineral constituents are cumuli­
tic labradorite-bytownite plagioclases (60%), forsteritic oliv­
ine (20%), and intercumulus clinopyroxene (10-15%) and about 1% 
each of opaques, biotite, and hornblende. Orthophyroxene rep­
resent less than 2% of the rocks.
Turn around and return to the paved road. The next stop is
optional.
0.05 For the next optional stop, continue straight south along the now
abandoned old section of Rt. 6/15; otherwise, return to Rt. 6/15.
0.30 Outcrop (small road cut) on left (east). STOP 4: DISCRETELY
LAMINATED OLIVINE GRABBRO TO TROCTOLITE. Discrete lamination and 
discontinuous layering is caused by crystal alignment, grain-size 
variation, and by alternating plagioclase-rich or mafic-rich 
layers. Medium-grained labradorite-bytownite laths constitute' 
60% of the rock, forsteritic olivine 5-15%, clinopyroxene 10-20%, 
opx less than 5%, hornblende about 5%, biotite about 2%, and
opaques less than 1%. Lamination: N30W, 20°S.
Make "U" turn and return to Rt. 6/15.
0.40 You're back on Rt 6/15. Turn left and proceed southward.
0.60 Road custs along both sides of the road at the highest point on
the road. Park cars carefully so that you maintain visibility 
with respect to traffic coming from both directions. STOP 5: 
OIKOCRYSTIC-SPOTTED TROCTOLITES. Graded and rythmically well- 
laminated, leopard-skin like sections can be seen on the east 
side of the road. Here, 40-80 cm thick "layers" show three 
characteristic zones. The lowest and the most dominant, Zone A, 
is typically 30-50 cm thick and consists of fine to medium 
grained, spotted oikocrystic troctolites with rather abundant 
oikocrysts. The bulk of the rock is made of 60% labradorite- 
bytownite plagioclase, up to 20% forsteritic olivine, and 2% or 
less of opx, hornblende, biotite, and opaques. The average grain 









are up to 2 cm large clinopyroxenes, enclosing largely plagioclase 
and olivine grains. Modal percentage of cpx is about 15%. Zone B 
usually 10-25 cm thick is a medium to coarse grained rock of the 
same mineralogy but with less abundant and larger (up to 10 cm) 
oikocrystic clinopyroxenes. Zone C, anorthositic troctolite, 
from 0 to 5 cm thick, contains no oikocrysts and consists of up 
to 1.5 cm large plagioclase grains (70%), and 20-25% of forsteri- 
tic olivine, and 5% of minor cpx, opx and hornblende.
The lamination (N70W; 25°N) dips toward the north in contrast to 
Stoga 2, 3 and 4 where the lamination was dipping toward the south. 
This suggests that the reversal of the dip direction indicates 
that the center of the pluton may lie between Stops 4 and 5.
mOikocrysts generally weather less rapidly than the anorthositic 
troctolite groundmass. On weathered surfaces the rock takes on 
at first a mottled microorbicular appearance, leading to a 
formation of "raised knobs" and eventually resulting in a "free 
suspension" of the oikocrystics in the sapprolitic matrix.
Continue south on Rt. 6/15.
0.55 Road cut on the left (east side of the road). STOP 6: (OPTIONAL)
MEDIUM TO COARSE GRAINED MASSIVE, SLIGHTLY LAMINATED OLIVINE 
GABBRO. A cumulitic rock, consisting of semi-parallel laths of 
plagioclases and equidimensional grains of olivine and larger 
(1-3 mm) irregular grains of intercumulus clinopyroxene. Ortho­
pyroxenes and opaques are nearly absent; this rock resembles 
rocks of STOP 3, except that clinopyroxene is somewhat more 
abundant and olivine is less abundant. Also intercumulus clino­
pyroxene forms irregular grains rather than oikocrysts. Lamina­
tion: N80W, 25°N).
Proceed south on Rt. 6/15.
0.25 Road cut on the right (west side of the road). STOP 7: COARSER
GRAINED, WEAKLY OIKOCRYSTIC OLIVINE GABBRO. This rock is faint­
ly laminated due to an alignment of plagioclase laths (An60) 
which make up about 60% of the rock. Other minerals include 
15-20% olivine (Fo75) and 20-25% clinopyroxene with minor opx 
and opaques. This tock is transitional between the troctolite 
of the central zone and the gabbronorites of the marginal zones. 
Small oikocrystic clinopyroxenes (up to 2 cm large) are here
side by side with sulfidic stringers typical of the marginal zones.
Continue south on Rt. 6/15.
0.30 Turn left east onto a road leading to Harford Points (leaving Rt.
1.20 Railroad crossing of Canadian Pacific RR. 6/15).
0.20 Road is divided by a center island which splits this road into
two one-way directions.
0.10 Proceed to the end of the island and turn around (U turn).
0.10 Stop just before the hill top on the road. Park cars at the
extreme right of the side of the road. Proceed on foot to your
right toward the RR tracks. STOP 8: ORTHOCUMULATE OIKOCRYSTIC
ANORTHOSITIC TROCTOLITES. Yet another type petrographic type 
of the central zone of the pluton. The rocks consist of largely 
fine-grained, anorthositic matrix, with variable amounts of 
















pyroxene oikocrysts. Labradorite plagioclase can form up to 
80% of the rock, giving it a sugary-white appearance. Pyro­
xene oikocrysts (10-30%) vary in size from a few mm up to 
4 cm. Small amounts of up to a few % of intercumulus biotite 
and hornblende are often observed.
Return to cars and proceed toward Rt. 6/15.
1.40 You're back on Rt. 6/15; proceed south (left).
0.05/ Road cut along the western side of the road (left). STOP 9:
0.10 OLIVINE GABBRONORITE-ORTHOCUMULATE HYPERSTHENE TROCTOLITE.
The rock types of this outcrop are essentially identical to the 
rocks of Stop 2. Both outcrops are very near the contact with 
the country rock and represent Fe-rocks of the marginal zones.
Plagioclase (An 55-65) about 50%, olivine (Fo 30-40) 5-20%, 
orthopyroxene 15-20%, clinopyroxene few % to 15%. Biotite, 
hornblende and opaques are present each 2-5%, and an abundant 
quantity (up to 2%) of apatite.
Proceed toward Greenville.
0.15 Unexposed contact between the pluton and the country rocks.
0.10/ Country rocks exposing sillimanite to andalusite grade,
0.30 occasionally highly deformed sequences of graywacke-shale
beds, and calcareous siltstones.
2.60 Town of Greenville, junction of Rt. 6./15 and Lily Bay Road.
0 Town of Greenville, junction of Rt. 6/15 and Lily Bay Road.
Proceed NE on Lily Bay Road.
1.05 Scammon Road junction on your right.
§
4.45 Road cuts and discontinuous ledges on the right side (south) of
Lily Bay Rd. STOP 10: HYPERSTHENE GABBRO, DIORITE AND PLAGIO-
CLASE-RICH GRANITE. The basic rock type of this outcrop is a 
fine grained hypersthene gabbro, which appears to be non-cumulitic
It consists of 15% opx, 20% cpx, 55% labradorite, and up to 5% of 
each of hornblende, biotite and opaques. Noted differences 
between this rock and the rocks of Leg 1 is the absence of cumu- 
litic texture and the absence of olivine. Other rock types in 
this outcrop include plagioclase-rich granitic rock (30% quartz,
55% plagioclase-An30, 10% alkali feldspar and 4% biotite). This 
rock is not related to granites of the Beaver Cove type (Stop 11),
but rather, they seem to be a late stage fractionation product of 
the mafic Moxie magma. Hypersthene quartz diorite, also found in 
this outcrop, probably represents an intermediate fractionation 
product between the gabbro and the plagioclase granites. Ledges 
on the south side of the road, but closer to Greenville, crop 
oikocrystic norites and coarser diorites.
Return to your cars and continue toward NE.
0.70 Beaver Cove Marina —  check your odometers.
0.60 Make a left turn onto Black Point Rd. toward Beaver Cove Camps.














next 1 mile there are infrequent ledges of Beaver Cove granites 
along the road.
0.90 Lookout Bluff Road on your right —  continue on North Ridge Road.
0.10 Ledges along the right side of the road (east). STOP 11: GRANITES
AND APLITES OF BEAVER COVE TYPE. Fine to medium grained, buff 
colored leucocratic granite, and very fine grained pink aplitic 
dikes are seen here intruding ferrogabbros and ferronorites. Geo- 
chemically, these granites and aplites are very different from the 
Moxie pluton mafic rocks and are genetically unrelated to them.
The most likely origin of the acidic magma is by a partial fusion 
of the country rocks surrounding the pluton. The granites consist
of 30% quartz, 30-35% alkali feldspar, 25-35% sodic oligoclase,
and up to 5% biotite. Garnets are frequently observed in the 
finer grained specimens.
Continue driving in the same direction.
0.10 Turn left (SW) onto Cross Ridge Road.
0.20 End of Cross Ridge Rd.; turn left (south) on Black Point Rd. and
proceed toward Lily Bay Rd.
1.30 You have completed a loop over the ridge NE of Beaver Cove. You’re
now back on Lily Bay Rd. Turn left (NE) onto Lily Bay Rd. and 
proceed toward Lily Bay.
1.00 Ledges on the left (west side of the road). STOP 12: OLIVINE GABBRO
TO NORITES. As we proceeded from Greenville to the northeast, there 
seems to be a decreasing presence of olivine. This rock outcrops 
consist of medium to coarse grained olivine gabbro and fine grained 
norites. Labradorite makes up to 55% of the rock and olivine is 
less than 10%. Opx in the norites amounts to 40% of the rock with 
no cpx, whereas in the gabbro the cpx is about 20% and opx only a 
few %. Biotite, hornblende and opaques can represent up to 5% each.
Continue in the same direction (toward NE).
1.20 On your left is the entrance to Lily Bay State Park. Continue on
Lily Bay Rd.
0.15 STOP 13: FINE GRAINED FERRONORITE TO FERRODIORITES. This rock is
similar to gabbros of the marginal zones north of Greenville, ex­
cept of a noted absence of olivine and a larger presence of plagio­
clase. Proceed in the same direction.
1.50 Outcrops on both sides of the road. STOP 14: OIKOCRYSTIC HYPER-
STHENE TROCTOLITE TO OLIVINE GABBRO. This rock is one of the few
&
well developed cumulitic rocks within the Greenville Bulge. It 
resembles some of the troctolites of the central zone north of
Greenville. These rocks consist of 10-15% olivine, 55-65% plagio­
clase (An65), about 10% of each of cpx and opx, and up to 5% each
of biotite, hornblende and opaques. Continue in the same direction.
1.05 You're now crossing over the South Brook Bridge.
0.30 Side road on your left (NW). Turn left and proceed to the end of
the road at the tip of a small peninsula projecting into Lily Bay 
of Moosehead Lake.
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15. 15 0.45 End of road. Ledges along the shores of the lake. STOP 15:
FELDSPARTHIC NORITE TO HYPERSTHENE DIORITE, Rocks exposed at this 
outcrop are transitional between gabbro and diorite. They contain
60-65% plagioclase (An50-55), 15% opx, 5% cpx, 5-10% hornblende,
5% biotite, about 5% opaques, and 1-3% quartz. Significant is the 
ubiquitous presence of quartz and the increasing amount of biotite
and hornblende at the expense of pyroxenes.
Make a "U" turn and return to Lily Bay Road.
15.60 0.45 You're on Lily Bay Rd. —  if you go to Greenville (about 15 miles),
turn right (SW); if you go to Millinocket, turn left (NE).
END OF TRIP!
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